is a noninvasive technique where acoustic reflections from ultrasound contrast agents are tracked frame by frame for characterizing 2-dimensional cardiac and vascular flow fields. Three-dimensional asymmetries in flow sequence can be interpreted by using multiplanar reconstructions of echo-PIV images obtained by biplane echocardiography (Fig. 1 , Online Videos 1, 2, and 3). For example, the sequence of flow in a normal left ventricle (LV) ( 
frame for characterizing 2-dimensional cardiac and vascular flow fields. Three-dimensional asymmetries in flow sequence can be interpreted by using multiplanar reconstructions of echo-PIV images obtained by biplane echocardiography ( Multiplanar snapshots of 3 time frames showing blood flow vorticity, which corresponds to the local rotation of fluid particles (red, counterclockwise rotation, and blue, clockwise rotation). The velocities of the tracked contrast particles are represented with arrows. In a normal heart, the shear layer that emerges from the mitral valve leaflets rolls up into a nearly circular vortex ring whose rotary motion is visible on both planes (left). The vortex propagates away from the mitral valve's leaflets and entrains the ambient fluid inside the left ventricular cavity (middle), becoming a nonuniform ring structure, with a predominant clockwise rotation component on the long axis plane. Eventually, the clockwise rotating flow dominates the blood motion, and washed out into the apex, while the 3-dimensional ring-shaped vortex is no longer recognizable (right). See Online Videos 4 and 5. Schematic drawings by Craig Skaggs.
Figure 3. Left Ventricular Flow During Ejection
Blood is ejected out of the left ventricle with formation of a central jet surrounded by shear layers on the long axis (left). The shear layer with clockwise rotation is displaced towards the submitral region and the counter-clockwise shear layer, at the wall of the left ventricular outflow tract, increases progressively when the flow develops an outflow jet surrounded by a 3-dimensional shear structure recognizable on the orthogonal plane (middle), during end ejection the 3-dimensional flow jet and shear extends toward the apex that is washed out (right). Schematic drawings by Craig Skaggs. 
